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Summary
Objective: The aims of the present study were (1) to evaluate whether development of enthesophytes is an age- and/or sex-associated
phenomenon; (2) to clarify whether enthesophyte development is controlled by genetics; (3) to evaluate the correlations between the enthe-
sophytes and osteophytes of the hand joints.
Design: The studied cohort comprised 359 Chuvashian (Russian Federation) pedigrees (424 nuclear families) and included 786 males and
723 females aged 18e90 years. The enthesophyte score (ES) was constructed as the overall number of enthesophytes at the midshaft of the
phalanges of the second to the ﬁfth ﬁngers of both hands. The osteophyte score (OS) was constructed similarly. We used variance component
(VC) analysis to examine the age-related patterns and compare the contribution of the genetic and common environmental factors to ES and
OS variations.
Results and conclusions: After age 25, ES increases with age (on average linearly). Age explains 45% of the ES variation in males but only
25% of the variation in females, in contrast to about 75% of the variation of OS in both sexes. At any age, males showed higher ES than
females and the difference between sexes increased with age.
Genetic components explained 20% of enthesophyte development variation. We did not ﬁnd common additive genetic factors for ES and OS.
The correlation coefﬁcients between ES and OS were r¼ 0.62 (P¼ 0.0001) in males and r¼ 0.50 (P¼ 0.0001) in females. After age adjust-
ment, the correlation decreased to r¼ 0.087 (P¼ 0.014) and r¼ 0.14 (P¼ 0.001) correspondingly. Most probably, enthesophytes and osteo-
phytes are manifestations of different etiological processes.
ª 2007 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Bone formation is one of the major components underlying
the response of the musculoskeletal system to stress and
injury, as evidenced by Wolff’s law of bone remodeling. In
a very comprehensive review, Benjamin et al.1 reported
that the rounded tendons at the wrist attach to bones in
the hand in a circumscribed fashion. Such tendons are
often associated with muscles that promote intricate move-
ments that are only possible if their entheses are located
precisely at the site on the bone best suited for promoting
them. Yet if the area occupied by the enthesis is too small,
there is the danger that the muscle will pull the tendon away
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Received 7 January 2007; revision accepted 11 March 2007.11from the bone, i.e., it will become avulsed. Thus, a gross in-
spection of many entheses shows that tendons often fan
out at their attachment sites, so as to distribute force over
a greater area. The increased surface area created at the
tendonebone junction may be an adaptive mechanism
needed to ensure the integrity of the interface in response
to increased mechanical loads2. It causes the bone protru-
sions, manifested as enthesophytes, which are commonly
found at the midshaft of the long hand bones. They consti-
tute an appealing measure of extraosseous bone formation
because they are easy to assess, and are independent of
weight-bearing impact forces. Rogers et al.3 suggested
that the variation in enthesophytes could be due to differ-
ences in an individual’s ability to form bone in response to
stress rather than a differences in stress. This suggests
that heterogeneity underlies one of the fundamental as-
pects of the pathogenesis of musculoskeletal disorders,
which may be under genetic control.
Enthesophytes can accompany degenerative, inﬂamma-
tory (e.g., ankylosing spondylitis, psoriatic arthritis, Reiter’s
syndrome), and metabolic diseases (e.g., acromegaly) and
are widespread in diffuse idiopathic skeletal hyperostosis2,4.13
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aging, their incidence reaching a peak at about 60 years of
age. Enthesophytes can develop at virtually any tendineous,
ligamentous, or capsular insertion site2,4.
In a study of fossil specimens, Rogers et al.5 demon-
strated a strong association between osteophytes and ebur-
nation (two bone elements that are traditionally associated
with osteoarthritis (OA)) and enthesophytes. Using the
number of enthesophytes as a measure of the ‘‘bone for-
mer’’ status, the authors found increased odds of joint ebur-
nation, ranging from 2.4-fold (in hand joints) to >ninefold (in
wrists). Osteophyte risk was increased even more by the
co-occurrence of enthesophytes (from 5.7-fold to 14.7-
fold). This impressive association between bony changes
in joints, that are probably associated with OA, and those
bony changes likely to be outside of joints can serve as sup-
porting evidence of ‘‘the bone formers’’ existence. However,
Felson and Neogi6 noted several limitations of this study,
i.e., the difﬁculty in distinguishing osteophytes and entheso-
phytes in fossilized specimens, and the difﬁculty in charac-
terizing the age of the subjects from whom the specimens
were obtained.
The aims of the present study were (1) to evaluate
whether the development of enthesophytes is an age-
and/or sex-associated phenomenon; (2) to clarify whether
the development of enthesophytes is under genetic control;
and (3) to evaluate the correlations between the entheso-
phytes and osteophytes of the hand joints.
Methods
SAMPLE
The population sampled consisted of native Chuvashians
residing in numerous small villages in the Chuvashia and
Bashkartostan Republics of the Russian Federation. The
data were gathered in three ﬁeld studies during August/
September of 1994 (554 individuals) and May/June of
1999 (715 individuals) and September 2002 (240 individ-
uals) by investigators from the Department of Anatomy
and Anthropology, Sackler Faculty of Medicine, Tel Aviv
University (Israel), and the Moscow University Anthropolog-
ical Institute (Russia). The expeditions were part of a Chuva-
sha Skeletal Aging Study (ChuSAS) project whose main
aim was to investigate the different aspects of skeletal ag-
ing within the Chuvashian population. All information and
measurements during all expeditions were collected by
the same team of investigators. The investigated cohort
comprised 359 pedigrees (424 nuclear families) and in-
cluded 786 males aged 18e89 years (mean 46.9) and
723 females aged 18e90 years (mean 48.5). The sample
contained 242 pairs of non-ﬁrst-order relatives (including
97 uncleenephew, 69 cousins, 42 grandparentegrandsons,
etc.). The data collected included sex, age, occupation, and
anthropometrical measurements (weight, stature, etc.). In
the studied sample, there were no individuals with known
rheumatoid or psoriatic arthritis or users of steroid medica-
tion. Subjects with post-traumatic hand OA were excluded
from the study. All procedures involved were consensual.
The subjects signed an informed consent form, and the en-
tire project was approved by the Helsinki Ethics Committee
of Tel Aviv University.
HAND RADIOGRAPHS
Single plain radiograms of both hands were taken from
each study participant in the postero-anterior position withthe X-ray source located 100 cm above, using a standard
radiographic technique, as described in detail by Livshits
et al.7. Hands were placed on the same ﬁlm-containing
plate to avoid any variation in ﬁlm development. Hands
were exposed for 5e10 s at 100e150 mA without intensify-
ing screens at 50 kV.
DEFINING TRAITS
The presence of the bone proliferations (spurs), including
enthesophytes at midshaft and osteophytes (Fig. 1) was
examined on phalanges of the second to ﬁfth ﬁngers of
both hands. The ﬁrst ﬁnger (thumb) does not directly project
in a standard X-ray and was therefore not utilized.
Each radiograph was read by an experienced skeletal
researcher according to the accepted protocol of evalua-
tion. Ten X-rays were read and then re-read by the investi-
gator to estimate the intra-observer reliability of the
readings. All discrepancies were reviewed for systematic
errors. This exercise continued until the reliability was
high (k> 0.8). Afterwards, the investigator read the remain-
ing X-rays, still blinded to patient identiﬁers. Before reading
each batch of X-rays he re-read ﬁve X-rays, which had been
previously read, to ‘‘calibrate’’ his readings to a standard.
The intra-observer reliability (kappa statistics) was 0.82
(P< 0.01).
The overall number of enthesophytes at midshaft, enthe-
sophyte score (ES), was used in the present study. Be-
cause the correlation between the ES of the right and left
Osteophyte
Enthesophyte
Fig. 1. The example of enthesophyte and osteophyte.
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P< 0.01), we used the average right ES/left ES value as
an index of an individual’s ES in the analyses that followed.
An additional trait that we used in the present study was
the osteophyte score (OS), constructed the same way as
the overall number of osteophytes.
STATISTICAL ANALYSIS
To examine the age-related patterns and to compare the
contribution of genetic and common environmental factors
in families to ES and OS variation, we used variance com-
ponent (VC) analysis8, as implemented in the MAN-6 pro-
gram9. This method employs a maximum likelihood
estimate as a model-ﬁtting technique. The covariate depen-
dence was included in the model. The trait residuals for
each pedigree with N measured members were modeled
as an N-variable normal distribution. The covariance matrix
deﬁning this distribution was constructed in accordance with
genetic and environment VCs shared by different groups of
relatives: the additive genetic effect (s2AD), the common en-
vironment shared by spouses (s2SP), the speciﬁc variance
shared by siblings (s2SB), and the environment shared by
all members of the nuclear pedigree e household (s2HS).
MAN enables one to analyze complex multi-generation ped-
igrees. Relatives belonging to different nuclear families and
having common ancestors (half-sibs, cousins, etc.) share
the appropriate proportion of s2AD. The diagonal compo-
nents of the covariance matrix were modeled to be equal,
so the correlation coefﬁcients were equal for relative pairs
having the same relation. Speciﬁc variance, shared by sib-
lings, may include both the sibling environment shared and
the dominant genetic variance shared.
Because both traits (ES and OS) measure age-related
(degenerative) changes starting after a speciﬁc age, weused a two-stage aging model: constant (zero) for ages
below the starting age Tm, Tf (for males and females), and
linear growth with the coefﬁcients am, af after the corre-
sponding ages. Ageesex parameters were estimated to-
gether with VCs. The likelihood ratio test (LRT) was used
to build the best ﬁtting most parsimonious models for both
traits. These models were used in bivariate analysis to es-
timate correlations between corresponding VCs of both
traits. The signiﬁcance of correlation coefﬁcients was as-
sessed by appropriate LRT.
Using the best ﬁtting most parsimonious aging model, we
adjusted ES and OS for age and sex. We estimated the pro-
portion of trait variance explained by age dependence, R 2,
for each sex separately. Afterwards we computed familial
(spouses, parenteoffspring, and sibesib) correlations for
each trait separately and cross-correlations for both traits
to compare their familial aggregation. To evaluate the direct
correlation between ES and OS, we computed the correla-
tion coefﬁcients between traits before and after age adjust-
ment in each sex separately.
Results
Parameters of the two-stage aging model (as described
in Methods) were estimated for ES and OS (Table I). Differ-
ences in the starting age T for males and females were
found to be not signiﬁcant (P¼ 0.7 for ES; P¼ 0.4 for OS)
for both traits, but the rate of changes, a, signiﬁcantly varied
between sexes (P< 106 for ES and P¼ 0.00017 for OS).
Women develop joint degenerative changes (OS) faster
than men (am¼ 0.29; af¼ 0.32 OS units per year). In con-
trast, for ES, men develop changes faster than women
(am¼ 0.084; af¼ 0.052 ES units per year). Sex-differences
regarding the rate of bony spur development are generallyTable I
Results of variance decomposition analyses
Parameter OS ES Bivariate
Sex and age effects
mm 7.15 0.11 1.89 0.06
mf 7.56 0.11 1.25 0.06
am 0.293 0.006 0.084 0.003
af 0.321 0.007 0.052 0.003
Tm 25.16 0.75 25.35 1.92
Tf 25.16 ! 25.35 !
Variance components
sAD
2 1.67 0.71 0.705 0.21
sSP
2 0.89 0.13 0.096 0.039
sHS
2 [0] [0]
sSB
2 2.24 0.21 0.48 0.05
sRS
2 3.67 0.58 0.92 0.17
Components correlation
RAD [0]
RSP [0]
RHS [0]
RSB 0.299 0.052
RRS 0.153 0.038
c2 0.3 0.01 3.4
P 0.74 0.99 0.33
Most parsimonious models for OS and ES traits and bivariate correlation coefﬁcients for the corresponding VCs (parameter valueSE).
mm, mf e Mean value for males and females; Tm, Tf e age after which the linear growth starts. am, af e linear coefﬁcient of trait growth;
s2 e VCs and R e correlation coefﬁcients. Subscripts: AD e additive genetic; SP e spouse-speciﬁc; HS e household; SB e sibling-speciﬁc;
RS e individual residual. Model constraints: [ ] e parameter is ﬁxed; ! e parameter is equal to the previous one, c2 e likelihood ratio tests
compare general and best ﬁtting-most parsimonious model.
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Fig. 2. Scatter-plot for ES (upper row) and OS (lower row) vs age for males (left side) and female (right side). Curves show the most
parsimonious age dependence estimated in the VC analysis.more prominent for ES than for OS. Figure 2 presents
scatter-plots of ES and OS vs age for males and females
separately. The aging curves, estimated in VC analysis,
are shown on those scatter-plots. Both traits showed age-
related changes; however, the differences between them
are evident. For example, in the sample there were no
zero values of OS in individuals after age 35. In contrast,
for ES there were a signiﬁcant number of individuals that
did not develop enthesophytes at all (zero values up to
age 85). However, for ES the proportion of variance ex-
plained by the age dependence, R 2¼ 0.75, is almost the
same for males and females, for ES, namely R 2¼ 0.45
for males and only 0.25 for females.
Table I presents parameter estimates and errors for the
most parsimonious VC models for two single-trait analy-
ses and bivariate analysis. Figure 3 illustrates the esti-
mated VC that was plotted relative to the total traitvariance. The variance not included in the estimated VC
parameters was attributed to age and sex dependence
(Vage). For OS, the age and sex dependence explained
75% of the total trait variance, whereas for ES only
36%. No signiﬁcant household component was found for
both traits. The additive genetic component (Vad) was
much more expressed in ES (20% vs 5% in OS), even
relative to the age-adjusted trait variance, and the propor-
tion of the additive genetic component, heritability, was
higher for ES H 2¼ 0.320 (vs 0.197 for OS). Relative to
the total trait variance, the spouses’ common environ-
ments were almost equal, but relative to age-adjusted
trait variance, it was much greater for OS s2SP¼ 10.6%
(vs 4.4% for ES).
Bivariate VC analysis (Table I) revealed that only individ-
ual s2RS and sibling-speciﬁc s
2
SB components had a signiﬁcant
correlation between traits. Additive genetic and components
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Fig. 3. VC amount relative to the total trait varcoliance for ES (left side) and OS (right side). Vage e variance attributed to sex-age dependence;
Vad e additive genetic component; Vsp e spouses’ shared environment; Vsb e sibling-speciﬁc variance; Vrs e individual’s speciﬁc
environment.associated with the spouse environment were not signiﬁ-
cantly correlated.
These results were conﬁrmed by computing familial cor-
relations computed for ageesex-adjusted traits (Table II).
Familial correlations of ES showed no signiﬁcant correlation
for spouses, but parenteoffspring and sibling correlations
were signiﬁcant. This indicates the existence of a clear
familial aggregation of ES variation in the Chuvashian ped-
igrees, which cannot be explained by pure, common envi-
ronmental effects. For OS, not only parenteoffspring and
sibling correlations were signiﬁcant, but also the spouses’
correlation was highly signiﬁcant (P¼ 0.0005). This can in-
dicate a role of environmental factors in the formation of
osteophytes.
In accordance with the results of the bivariate VC analysis,
the parenteoffspring and spouses’ cross-correlations for two
traits were not signiﬁcant, but sibling cross-correlation was
marginally signiﬁcant (P¼ 0.05). This means that if ES and
OS probably have some common genetic factors, they are
not additive but instead are dominant.
The correlation coefﬁcients between ES and OS were
r¼ 0.62 (P¼ 0.0001) in males and r¼ 0.50 (P¼ 0.0001)
in females. After age adjustment the correlation decreased
to r¼ 0.087 (P¼ 0.014) in males and r¼ 0.14 (P¼ 0.001) in
females.
Discussion
One of the primary goals of this study was to examine the
age- and sex-related changes in ES phenotypes in the handskeleton. The age composition of the study sample enabled
us to conduct this analysis over a wide range of ages. In the
present study, the two-interval, constant-linear mathemati-
cal function was found to be the best-ﬁtting model of age
dependence for both variables and for both sexes (Fig. 2).
We can see that the process of enthesophyte formation
starts at about age 25 in both sexes. Afterwards the number
of enthesophytes increases with age (on average linearly).
However, unlike the situation with osteophytes, at any age
we can see individuals with a high number of entheso-
phytes and individuals without any enthesophytes. As we
mentioned before, age explains 45% of the ES variation
in males and only 25% in females in contrast to about
75% of variation of OS in both sexes. In any age males
showed higher ES than females and the difference between
sexes became greater with age. This situation can reﬂect
the difference in musculoskeletal stress between males
and females.
Several previous studies evaluated the heritability of
features associated with skeletal aging. For example, in
VC genetic analysis performed by Karasik et al.10, genetic
factors explained 57% of the total variance of the age-
adjusted osseographic score (OSS e index of skeletal
aging that comprises, inter alia, the quantitative traits of
osteophytes and enthesophytes). In our previous study11,
genetic factors explained 47% of the residual OSS variance
after age adjustment, and 52% after including sexegeno-
type interaction. The variance decomposition analysis12 of
hand OA revealed that age (72.8%) and the major gene
(14.5%) are the main sources of interindividual differences
in the development of hand OA. The contribution of theTable II
Familial correlations of ES and OS (adjusted for age for males and females separately) and familial cross-correlation for both traits
Relatives No. of pairs ES OS Cross-correlation
R P R P R P
Spouses 333 0.094 0.0894 0.363 0.0005 0.077 0.16
Parenteoffspring 1287 0.186 0.0005 0.148 0.0006 0.036 0.19
Sib pairs 412 0.406 0.0004 0.321 0.0005 0.097 0.05
P-values 0.05 are marked bold.
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notype variation was 55%, which is also in a good agree-
ment with the results of other investigators13e15. We did
not ﬁnd any previous publications that evaluated the herita-
bility of enthesophytes. Together with the fact that ES is
less dependent on age than OS, we found that genetic com-
ponent plays a more important role in enthesophyte devel-
opment, explaining 20% of its variation. These ﬁndings
were conﬁrmed by high and statistically signiﬁcant familial
correlations. However, we actually did not ﬁnd common ad-
ditive genetic factors for ES and OS. Speciﬁc variance,
shared by siblings was signiﬁcantly correlated in both traits
and the cross-correlation of the sibs for age-adjusted traits
was marginally signiﬁcant. This can be explained by both,
the possibility of common dominant genetic factors and
a shared sibling environment common for both traits.
The high correlations between osteophytes and entheso-
phytes described by Rogers et al.3 were also observed in
the present study. However, the major part of this correla-
tion was attributed to age. Importantly we found that the cor-
relations between the traits after age adjustment remained
statistically signiﬁcant but decreased eightfold in males
and about ﬁvefold in females.
As previously mentioned, bone formation is one of the
major components underlying the response of the musculo-
skeletal system to stress. This study suggests that the
observed variation in bone formation could result from
a combination of factors such as physical load and genetic
predisposition to form enthesophytes in response to stress.
The moderate correlations between the different manifesta-
tions of ectopic bone proliferation, namely enthesophytes
and osteophytes, challenge the ‘‘bone formers’’ hypothesis
that bone spurs coexist as a generalized process of ectopic
bone formation. Most probably, the two groups of hand
exostoses that we studied are manifestations of different
etiological processes. We agree with Karasik et al.16 that
they may coexist in an individual but they seem not to reﬂect
a general process.
In our previous study17 we found that body composition,
measured by the body mass index, is statistically signiﬁ-
cantly associated with hand OA (r¼ 0.11, P< 0.05) and
with OSS (r¼ 0.25, P< 0.05). We presume that part of
the residual variance of ES is attributed to the body compo-
sition. We are planning an additional comprehensive study
to evaluate this possible association.
One of the limitations of our study is insufﬁcient informa-
tion about the extent of physical activity. All study partici-
pants live in small villages in a rural area in the Volga
region. A rural population is more homogeneous than urban
in terms of ethnicity, occupation, and physical activity. The
study participants had similar living and economic condi-
tions, with most individuals employed in agriculture or in
other physical labor. All this allowed as assuming that there
were no signiﬁcant differences in the physical loads be-
tween individuals of the same sex. The other possible limi-
tation of the study is that our traits represent the total
number of spurs in the bones (ES) and joints (OS) but not
the extent of their development (spur size). The last possi-
ble limitation of our study is lack of information about diffuse
idiopathic skeletal hyperostosis (DISH) in the studied popu-
lation. As we learned from the Littlejohn et al.’s18 study,
characteristics of DISH included broadening and ‘‘arrow-
heading’’ of the distal phalangeal tufts, enlarged sesamoid
bones, increased cortical width of tubular bones, prominent
enthesopathy in the proximal phalanges, exostoses (partic-
ularly at the metacarpophalangeal heads), and new bone in
the joint capsule.In conclusion, hand enthesophytes is a common phe-
nomenon in aging; however, at any age there are individ-
uals with a high number of enthesophytes and individuals
without any enthesophytes. The process of enthesophyte
formation starts at about age 25 in both sexes and at any
age males showed higher ES than females and the differ-
ence between sexes became greater with age. Age ex-
plains 45% of the ES variation in males and only 25% in
females in contrast to about 75% of variation of OS in
both sexes. This study suggests that the observed variation
in bone formation could result from a combination of factors
such as physical load and genetic predisposition to form en-
thesophytes in response to stress. Additional studies are
needed to clarify if the individual’s characteristic of develop-
ing enthesophytes is restricted to hands or occurs as gen-
eral process of the body in a multiple sites.
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